Theoretical, calculated, and experimental results of studies on the registration of the accounting effect of plasticity in the diagnosis of axisymmetric stresses by the hole method and speckle-interferometric detection of the field of normal displacements in its vicinity are presented. Theoretical and computational studies were carried out on a disk model of finite thickness from an ideally elastic-plastic material. The theoretical model considers the formation of elastoplastic deformations in the vicinity of the through hole; the calculated finite element model considers in the vicinity of both through and blind holes of different depths. It was noted that at the blind hole, the most informative are the movements of the axisymmetric bend caused by the violation by the blind hole of symmetry of the disk with respect to its median plane. At the same time, an approximate analytical method has been developed to calculate the stresses that cause only elastic deformations. Experimental studies were carried out on a series of samples in the form of steel disks with axisymmetric stresses near the yield point. These stresses were induced by the hot fit of grinded rings from hardened high-strength steel onto disks made of steel with a low yield strength. Examples are given which show that the stress values determined from normal displacements in the vicinity of the probe holes from the calculated-theoretical and experimental are similar.
Introduction
The hole method, proposed by Mathar 1 in 1932, has evolved over time into the most convenient and effective semi-destructive method for determining residual stresses. According to this method, in the investigated point on the surface, a through or blind hole is drilled. In the presence of residual stresses, the surface in the hole zone is deformed after drilling. The measurement of the displacement of the surface makes it possible to determine the directions of the principal residual stresses and then to calculate their magnitude using various analytical or numerical methods. 2 The history of the hole-drilling method development is set forth in a review article by Schajer. 3 Two basic ways of detecting deformations and micro-displacements released by a hole in a stressed body were formed: strain-gage method 4 and optical method, with predominance of laser holographic [5] [6] [7] [8] and electronic speckle pattern interferometric (ESPI) [9] [10] [11] [12] [13] [14] [15] measurement technologies. In this case, the optical method can be divided into two 1 types of measured displacements: in the plane of the observed surface of the body (in-plane; 5, [9] [10] [11] [12] 14, 15 and many other publications optically repeating the results of the strain-gage method) and out-of-plane, [6] [7] [8] 13 measuring the normal displacement of the surface. A large number of publications on in-plane measurements, in comparison with out-of-plane measurements, can be explained by the influence of the widespread American standard on strain-gage method, 4 which causes the adaptation of optical methods to it in the absence of a separate standard for measurements by these methods, as well as the common thesis stated in the paper by Furgiuele et al. 16 about the potentially higher accuracy of the method of measuring in-plane displacements. However, a significant advantage of out-of-plane measurements is that the directions of both principal stresses are indicated directly by the interference fringe patterns, while for measurements by tangential components, only one axis is detected which may not coincide with the direction of the main stresses. 6 With regard to the sensitivity of the measurements, as can be seen from the results, 17, 18 by a certain increase in the diameter of the hole, it is possible to increase the level of normal displacements at the same stress level and thereby increase the sensitivity of the out-of-plane measurements. In addition, when recording normal displacements, it is not difficult to provide the maximum theoretical sensitivity of the method, applying illumination along the normal to the surface, whereas achieving the maximum theoretical sensitivity in the in-plane method is difficult: 9 illumination of the sample strongly decreases as the angle of incidence of the rays increases to more than 60°(the sensitivity is inversely proportional to the sine of this angle).
Based on the recorded deformations and displacements in the vicinity of the hole, the principal residual stresses are calculated from the equations of elasticity theory. 4, 7 However, the hole itself creates a concentration of stresses, the coefficient of which, depending on the type of the initial stress state in the body, can reach two or three units with respect to the measured stresses. 14, 19, 20 This means that in the most dangerous for constructions range of residual stresses (> s Y =3 for for uniaxial stresses or > s Y =2 for axisymmetric stresses, s Y is the yield stress of the sample material), the drilling of through hole leads to these stresses in some regions near the hole and plastic strains occurring in these regions. Consequently, the displacement and deformation of the surface of the body caused by plastic flow, when recorded and interpreted as elastic, and then converted to stresses, can create errors in the measured stresses, which increase with increasing residual stresses.
The problem of stress concentration and the appearance of plastic strain are well known to specialists in measuring residual stresses using the probe hole. 2, 3, 8, 14, 21 This problem is somewhat mitigated in the case of blind holes, 8 when an insignificant increase in the range of correct determination of residual stresses is achieved within the framework of the elasticity relations. In order to limit the error from missing of plasticity, the American standard 4 for tensometric measurements of tangential deformations and the Russian standard 7 for speckle-interferometric measurements of normal displacements in the vicinity of the hole contain direct indications that the material of the body in question in the vicinity of the hole is linearly elastic. It is not surprising that in recent years, the problem of taking into account the effect of plasticity in determining the residual stresses by the hole-drilling method has been seriously considered in a number of works. [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] In these papers, estimates of errors in tensometric measurements due to the neglect of the plastic effect caused by the probe hole are given. In most works, these errors are determined in the region of 13%-18% [22] [23] [24] [25] of the level of the initial stress in 0.95s Y . However, there are also smaller values of errors, up to 3%, 26, 31 that is explained by insignificant excess of calculated value of an initial stress above a half the yield point of material of samples. In some works, significantly large errors were noted, reaching 32%-50% 27, 28, 32 and even 60%. 29 In these, the greatest error due to the neglect of the plasticity effect was noted for an ideal elastoplastic body. 24, 27 Some works 24, 25, 28, 29, 33 also contain suggestions on the refinement of the method for recalculating the measured planar deformations into the values of the initial residual stresses.
This work was devoted to a theoretical and experimental investigation of the effect of plasticity on the axisymmetric residual stress values determined by speckle-interferometric detection of the field of normal displacements in the vicinity of the probe hole. The consideration based on a model problem on the axisymmetric elastoplastic state in the absence of hardening of a disk with a hole loaded with external pressure in its plane. In the case of a through hole, some results of the solution of the elastoplastic problem for a plane stress state [34] [35] [36] are associated with normal displacements of the disk surface that are given, these show the ability of using an ESPI out-of-plane to determine stresses, exceeding half the yield point of the disk material. Numerical solutions of the axisymmetric elastoplastic problem in the general formulation are obtained for through and blind holes. For blind holes in a range of loads that do not cause plastic deformation, the approximate analytical method of diagnosing the initial stress state in a disk is presented, based on the model of the axisymmetric bending of the annular plate. The experimental samples of disks with axisymmetric stresses close to the yield point and the results of speckleinterferometric recording of normal displacements when drilling probe holes in disk centers are presented. An example is given for determining the initial axisymmetric stresses in disks by the number of lines of the level of elastoplastic out-of-plane displacements mapped on the speckle interferograms. The error is calculated when the plastic effect is missing in measurements of the ESPI out-of-plane. It should be noted that the modeling of axisymmetric residual stresses was necessary, since until now in the Russian standard for speckle-interferometric measurements of normal displacements for the hole method, there were no data on the value of interference fringes in the stresses for this type of strained states even in the elastic region.
The elastic-plastic state of the ring under external pressure in its plane
Through-thickness hole
The simplest model that allows one to analytically determine the effect of plastic deformation on the equibiaxial residual stresses determined by the hole method is the elastoplastic state of the ring in the absence of hardening, loaded with uniform pressure in its plane. Such a model for the case of a plane stressed state of a disk from ideal elastoplastic material under the condition of the Hubert-Mises fluidity was developed in previous studies. [34] [35] [36] In this case, it is possible to clearly determine the position of the boundary of the plastic zone and the normal component of the elastoplastic displacement vector, which is the information parameter in speckle-interferometric diagnostics of residual stresses.
In Figure 1 , the calculated scheme of model is shown: R 0 and r 0 are external and internal radii of the disk with a thickness h, respectively; p 0 are load uniformly distributed over the outer contour of the disk; the dashed line with radius r 1 shows the boundary between the elastic and plastic zones. In the initial state, that is, before creating hole in the disk, the radial (s r ) and circumferential (s u ) stress components are equal to the applied pressure: 20 s r = s u = p 0 . A general semi-analytic solution for elastic/plastic disks subject to thermomechanical loading has been proposed. 36 In this article, this solution is adopted to find the distribution of stress and stress in a disk subject to external pressure ( Figure 1 ). In particular, the variation of the dimensionless elastic/plastic radius, g = r 1 /R 0 , with the dimensionless pressure, P = p 0 /s Y , is depicted in Figure 2 for h = r 0 /R 0 = 0.1 (lower curve) and h = r 0 /R 0 = 0.15 (upper curve), which correspond to the ratios of the radii of the probing holes to the outer radii of the experimental samples. In this solution, it is assumed that Poisson's ratio is equal to 0.3. It is seen from Figure 2 that the initiation of plastic yielding occurs at p 0 = 0.5s Y (approximately). As the pressure approaches the yield stress in tension, the plastic zone sharply expands, and the entire disk becomes plastic at p 0 = 0.95s Y (approximately).
Let u z be the displacement in the thickness direction at z = h=2 where z is the axial coordinate and h is the thickness of the disk ( Figure 1 ). It is convenient to introduce the dimensionless representation of u z as w = u z =kh where k = np 0 /E, E is Young's modulus, and n is Poisson's ratio. The variation of w with r=R 0 at h = 0.1 and several values of P is shown in Figure 3 . From this figure, we see that w is constant over the elastic region and sharply changes over the plastic region.
The curves show that in contrast to the purely elastic solution, in the case of an axisymmetric compression (stretching) of a disk-shaped specimen, the creation of a through-going central hole makes it possible to diagnose the stresses in the disk by the difference in the heights of the normal displacement of its surface only in the range of stresses exceeding half the yield strength of the sample material.
An analytical solution to the axisymmetric elastoplastic problem was obtained only for the case of a through hole in a disk under conditions of plane stress or plane strain. 36 However, the technique for diagnosing stresses on elastic-plastic displacements of the body surface in the vicinity of the probe hole must be oriented, first of all, to practical applications, for example, to determine the stresses in welded joints in which it is desirable to minimize additional defects introduced into the structure during drilling. Hence arises axisymmetric elastic-plastic problem for a disk with a blind hole, for the solution of which, by analogy with the solution for a half-space, 25 numerical methods can be used.
Blind hole: numerical solution
The numerical solution of an axisymmetric elastoplastic problem for a disk with a central hole was carried out in the ABAQUS 6.14 Student Edition 37 medium for a hole diameter of 3 mm and load levels along the outer side of the disk from 0.4s Y to 0.9s Y . The initial data for the calculation are as follows: s Y = 250 MPa, r 0 = 1.5 mm, n = 0.3, E = 200 GPa, h = 5 mm, R 0 = 10 mm. Figure 4 shows from calculations the equivalent plastic strain (PEEQ) near a blind hole at three stresses: 0.8s Y (a, b), 0.9s Y (c, d), and 0.95s Y (e, f) and two hole depths: 0.25 h and 0.5 h. With a through hole, the development of the plasticity zone corresponds to the kink point of the curves of Figure 3 for any section parallel to the planes of the disk.
As can be seen from the graphical representations in Figure 4 , the distribution of the intensity of plastic deformations shows not only the boundary of the plastic zone but also the place of their origin-in a small zone adjacent to the bottom contour of the hole from below. Thus, this distribution more clearly indicates the position of the stress concentrator than the distribution of the main plastic deformations individually, as it follows, for example, from the comparison with 25 It can also be noted that the maximum value of the intensity of plastic deformations is almost independent of the depth of the hole but increases sharply with the approach of the acting stress to the yield point. Figure 5 shows the distributions of the normal displacements of the disk surface from the side of the incremental hole, depending on the dimensionless distance from the edge of the hole. Figure 5(a) shows the distribution functions of displacements from the load p 0 =s Y = P = 0:4, at which purely elastic deformations arise, in Figure 5 (b) at a load P = 0.9, creating a significant zone of plasticity near the hole (see Figure 4 (c) and (d)). The depth of the hole is shown by different types of lines and the coefficient at the thickness of the disk.
As can be seen from Figure 5 (a) (continuous black line), in the case of a through hole and the applied stresses of \ 0.5s Y , the disk faces remain flat, despite the presence of a hole. Such a character of the normal displacements of the disk surface also remains for large stress values when calculated from the elastic model even in the case of renouncement of hypothesis of plane stress. The absence of an elastic height difference in the normal component of the displacement vector between the edges of the disk with the through hole does not allow the diagnosis of residual stresses by the elastic model. However, when calculating from the elastoplastic model for initial stresses approaching the yield point, a significant height difference is observed in the vicinity of the hole in the profile of normal displacements of the disk surface, which is associated with the formation of a plasticity zone (continuous black line in Figure 5(b) ).
From other graphs of Figure 5 , it follows that when creating a blind hole in a disk, the height difference in the normal displacement arises not only because of plastic deformations in the vicinity of the hole but also because of the emerging asymmetry of the stress-strain state relative to the initial position of the neutral plane, leading to an axisymmetric deformation of the bending of the disk. This difference in height allows ESPI to register normal displacements of the disk surface when drilling blind holes to diagnose axisymmetric residual stresses, including register in the range of purely elastic deformations and also including the possibility of estimating the residual stresses in the disk using the model of the axisymmetric bending of the circular plate. 38 Blind hole: analytical model Earlier, 38 when diagnosing equiaxed stresses s r = s u = p 0 in quenched glass with a blind hole, an approximate analytical technique was proposed, based on the bending of the circular plate by an equivalent moment distributed along the contour of the hole, proportional to the acting stress. A similar technique of using the flexural height difference of the disk surface, which is noticeable not only in a small vicinity of the hole, can also be used to diagnose the initial stress state in the disk with elastic deformations by means of a blind hole.
As already noted, when creating a blind hole in a disk that is uniformly compressed along the outer lateral surface, there are axially symmetric deformations of the bend caused by a violation of the symmetry of the disk relative to its median plane. In Figure 6 (a), the dashed lines show the pattern of transverse deformation of a disk under the action of compressive stresses s, when a hole with a hole depth h 1 is created in it. Figure 6 (b) shows a calculation scheme in which the action of the initial stresses in disk with a blind hole is replaced by the action of some equivalent bending moment of intensity M distributed along the inner contour of the annular plate with a radius equal to the radius of the probe hole and other dimensions that coincide with the dimensions of a disk.
The equivalent moment loading the edge of the hole in the plate is connected with the distribution along the (the origin z is taken on the median plane of the undeformed plate).
With uniform distribution of the initial stress across the plate thickness
Assuming that the plate loaded with the moment M has a free outer edge, we write out the expression for the deflection of the plate
The observed value in the experiment is the difference in the normal displacements Dw = w(r 2 ) À w(r 1 ) of the disk surface at different radii: r 1 and r 2 . The maximum difference in deflections Dw ð Þ max will be for r 1 = r 0 and r 2 = R 0 . Consequently, by measuring the maximum difference in the normal displacements of the surface of the disk after drilling the hole with depth h 1 , one can obtain, with allowance for equations (1) and (2), an approximate expression for the axisymmetric stress existing in the disk before the hole was created
To evaluate the accuracy of formula (3), the following numerical experiment was performed: in the capacity of Dw ð Þ max was determined the difference in height between the extreme points of the dashed line for 0.25 h in Figure 5(a) ; the dimensions of the plate were assumed to be equal to the dimensions of the disk used in the numerical solution. The stress value obtained in this case (0.43s Y ) differed from the one specified in the numerical calculation (0.4s Y ) by less than 8% in the direction of overestimation.
Thus, we showed that at stresses less than half the yield stress (all of the specimen is elastic), it is possible to use an analytical approach to evaluate axisymmetric stresses for a probe blind hole. The models (1)-(3) also can be extrapolated to elastoplastic range ( . 0.5s Y ) to estimate the accuracy of elastic model from numerical calculations or experiment.
Experiment

Preparing specimens for experiment
To create axisymmetric residual stresses of a given level, there are several ways. One of the most common methods is a compound with a preload, 5, [40] [41] [42] which is used in this work in the preparation of experimental samples.
The sample assembled from a solid inner disk and outer ring. The outer diameter of the disk is larger than the inner diameter of the ring. The internal disk was cooled, the outer ring was heated, and the sample was assembled. After cooling the assembly in the inner disk, the necessary compressive stress is formed. Source diameters are determined by calculation.
Consider the connection with a preload of the disk with the ring that clamps it. Such a connection is a special case of connection of two cylinders (the Gadolin problem). 40 Let us set radius of the contact circle equal to R 0 , and p 0 is contact pressure. This pressure creates an axisymmetric plane stress state with equal p 0 radial s u stress components in a continuous internal disk.
The stresses in the outer ring s
r and s (2) u are determined by the formulas
where R e is the outer radius of the ring. The transition to plasticity is determined through the equivalent stress For inner disk and outer compressive ring
Note that s (2) eq takes a maximum value at r = R 0 . With the ratio of disk and ring sizes R e =R 0 = 5=2 chosen for the experimental samples, max s (2) eq = 2:07p 0 . This means that with selected part sizes and the intention to realize stresses in the disk that are close to the yield point of the disk material, the material of the compressive ring should have more than twice the yield strength in comparison with the material of the inner disk.
Since the stresses created should have been close to the yield point of the disk material, we selected sufficiently plastic steel 20 with the relatively low value of the yield stress is 250 MPa. 43 For the material of the rings, a more robust steel 40X (US analog 5140H) was chosen, which after heat treatment acquires a yield strength of 600-700 MPa. 43 Disks before the final grinding were subjected to heat treatment (were annealed).
Analytical and numerical results obtained in sections ''Through-thickness hole'' and ''Blind hole: numerical solution'' (Figures 3 and 5(b) ) show that the higher the stress in the disk before you create the test holes, the greater the height difference in the normal displacement of the surface of the disk and, accordingly, the circular interference fringes in the vicinity of the hole. For example, for through hole and stress of 0.7s Y , the displacement of surface at the edge of the hole will be about half the wavelength of the laser. This means that it will be visible one interferogram fringe at the edge of the hole. At a stress equal to 0.9s Y , within the visibility of the interferometer should be several of fringes. This consideration influenced the choice of the predicted preload between the ring and the liner and the radius of the coupling.
The relationship between radial interference d and contact pressure p 0 is given by formula
In accordance with this expression, to ensure maximum contact pressure, the radius of coupling should be chosen as small as possible. At the same time, according to the rules of the hole method, the diameter of the disk should exceed 4-5 diameters of the probe hole. 8 As a result, the following overall dimensions of the parts were taken: R 0 = 10 mm, R e = 25 mm, and thickness h = 5 mm. With these dimensions and proper tolerances, the stress level in the disks, equal to 0.9s Y , is achieved with radial interference d = 26 mm.
In total, 10 identical pairs of rings and disks were made and tested. The results were found to be very similar, so the results from only one pair are presented here. Figure 7 shows a sketch of the ring and disk with the initial dimensions necessary to provide a 0.9s Y stress inside the disk after assembly (Figure 7(a) ), a device for insertion a disk into a ring (Figure 7(b) and (c)), and assembled sample (Figure 7(d) ).
The sample assembly process was as follows: The ring was expanded by heating up to a temperature of 160°C. Meanwhile, the disk was shrunk by cooling in liquid nitrogen, to a temperature of about 2190°C. Total temperature difference of 350°C formed an assembly gap (difference between the mating diameters of joined components) of about 30 mm. To cool the disk and put it into a ring was made by the device, as shown in Figure 7 (b) and (c). It was a round brass plate 1 with a diameter slightly less than the diameter of the disk and a holder 2 attached to it. A small dish 3 (in Figure 7(c) , it cuts for best viewing plate 1) of metal foil and disk 4 were glued bottom to the plate.
After the end of the stormy boiling of nitrogen, that is, with complete cooling of the disk, the device along with the disk was taken out of nitrogen. In the dish at the same time remained liquid nitrogen, which, gradually boiling away, was kept at lower temperature of the disk. Then, the disk was quickly inserted into the ring to full depth, and the heater was switched off, and after temperature equalization, the disk that is already in the ring was separated from the foil and brass holder. 
Experimental investigation of axisymmetric stresses using the hole method
To determine the axisymmetric stresses in the assembled samples using an ESPI out-of-plane diagnostics by the hole-drilling method, the sample was placed on a holographic table under the optical block of a speckle interferometer. Figure 8 shows a portable variant of the optical unit suitable for use in laboratory and production conditions. 13 After installation of a sample and the optical block in the center of a sample, the hole was drilled, and speckle-interferometric registration of a field of normal micro-displacements in its vicinity was carried out. For comparison with the results of the numerical solution, a hole of different depths was performed. Figure 9 (a)-(e) shows speckle interferograms at consecutive drilling of an hole with a step of 1 mm (0.2h) for one of samples, and Figure 9 (f) shows the photograph of this sample with the drilled hole (in the same foreshortening). Figure 9 (a) shows the interferogram obtained at the first drilling step to a depth of 1 mm. On this interferogram, two annular fringes are visible, surrounding the hole and the third at the edge of the hole. The distance along the normal to the surface of the sample between two neighboring fringes is determined from the wellknown formula
where l is the wavelength of the laser and a is the halfangle between the directions of illumination and observation.
For the optical block shown in Figure 8 , constructed using the modified Leith-Upatnieks scheme, 44 l = 532 nm and a = 228. Therefore, the difference in surface heights between adjacent fringes is 286 nm. Thus, three fringes with a small addition on the interferogram (Figure 9(a) ) show the difference in height between the edge of the disk and the edge of the hole at about 630 nm.
The sign of the displacement was determined by the method of changing the optical path of the object beam 18 and was negative, that is, there was a lowering in the observed portion of the surface from the initial state. Such a displacement also occurs in the numerical model ( Figure 5(b) ).
Figure 9(b) shows the interferogram at the drilling step from a depth of 1 mm to a depth of 2 mm. On the interferogram, 4.5 fringes are visible, showing a height difference of 286 3 3.5 = 1000 nm with a displacement in the same direction as in the previous drilling phase. When we obtained this and subsequent interferograms, the surface form after the previous drilling step was used as the initial interferogram. Figure 9 (c) shows the interferogram at the drilling step from a depth of 2 mm to a depth of 3 mm. Here two more fringes with ''birth'' of the third of fringes. Height difference of about 286 3 2 = 572 nm is registered; displacement sign is still negative. Figure 9 (d) shows the interferogram at the drilling step from a depth of 3 mm to a depth of 4 mm. Three fringes are recorded here, showing a height difference of about 286 3 2 = 572 nm, in the opposite direction compared to the previous stages.
Figure 9(e) shows the interferogram at the drilling step from a depth of 4 mm to a depth of 5 mm, that is, up to the full thickness of the disk. Here, six fringes with a positive sign are recorded, showing a height difference of about 286 3 5 = 1430 nm when the edge of the hole is displaced in the same direction as in the previous step.
The described measurement results are combined in Table 1 : the first row shows the depth differences at the individual drilling steps; the second row shows the relative depth differences with respect to the thickness of the sample; the third row shows the number of fringes that appeared at the individual drilling stages; the fourth row shows the maximum height differences in the profile of the normal displacement of the sample surface at the individual drilling stages, calculated from the number of interference fringes; and the fifth row shows the maximum height differences in the profile normal displacement from the beginning of the experiment to a given depth of the hole (note that the sign is positive when the surface rises and negative when the surface is lowered).
Summing the difference in height in the profile of the normal displacement of the sample surface when drilling to half the thickness of the disk, we have about 2.2 mm of the lowering of the surface between the edge of the hole and the part of this surface, that is remote from it. Counting similarly a height difference while drilling to the remaining depth below the middle of the thickness of the disk, we get about the same value, but already of the opposite sign. Thus, the axisymmetric bending, which grows to half the thickness of the disk when drilling, is compensated for when the hole is further deepened. This pattern was observed with stepby-step drilling of all samples. Consequently, in the theoretical models (1)- (3), the depth of a blind hole that causes bending of a disk should not exceed half the thickness of the disk. A comparison of the maximum summarized displacement of the one sign observed in the experiment when passing by a drill of half of thickness of a disk with the results of a numerical solution for an opening with a depth of 0.5 thicknesses of a sample ( Figure  5(b) ) showed good correlation with a difference less than 10%. Similar results with small variations showed experiments on other samples.
Based on the results of theoretical calculations and experimental studies, it is possible to estimate the error of the elastic model when it is transferred to a range of stresses approaching the yield point of the sample material when ESPI registers the normal displacements of the sample surface in the vicinity of the probe hole. Tables 2 and 3 show comparative stresses at the elastic-plastic calculation and elastic analytic (1) Table 2 , it can be seen that the maximum error in the calculation example of axisymmetric stresses when using an elastic model in the case of a blind hole of shallow depth was 5% with an initial stress of 0.9s Y and 12.3% at a stress of 0.95s Y , which is noticeably lower than when measuring axisymmetric stresses on displacements and strains of an inplane. 23, 25 This allows, in principle, to continue the elastic models (1)-(3) with insignificant errors almost to the entire range of elastoplastic deformations provided that the depth of the probe hole is small. The same conclusion can be drawn for a larger hole and applied pressures not exceeding 0.8s Y (Figure 4(b) ). However, with a considerable depth of the probe hole and higher initial stresses, the error of the elastic model, as can be seen from Table 3 , becomes unacceptably large. In these cases, the plastic zone extends quite widely (Figure 4(d)-(f) ), and the plate with the hole ceases to resist bending as an elastic body.
The value of the interference fringes in the stresses in this case is, following from equation (4) and of the data of the second column of Table 1 , 50 MPa at s = 0.4s Y = 100 MPa. Since the error in the visual transfer of data from the speckle interferogram to the stresses is usually estimated at half the price of the fringe, 8 in the first approximation, the axisymmetric stresses will be determined by this method in steps of 25 MPa. With increasing depth of the probe hole, as shown in Table 2 , the error in determining the axisymmetric stresses in the elastic model decreases in proportion to the increase in the depth of the hole. Using the stress detection technology not only in the number of interference fringes but also in their location relative to the probe hole within the same number of fringes, 18 it is possible to further reduce the discreteness in the determination of stresses up to 3-4 MPa. Note that such a result can be easily achieved in the range of purely elastic strains. At high values of the initial residual stresses, the error in their determination increases due to a noticeable expansion of the plastic zone in the vicinity of the probe hole (see, for example, Figure 4 (d) and (f)). This conclusion is consistent with the results.
23,25
Conclusion
The results of theoretical and experimental studies of the effect of plasticity in the diagnosis of axisymmetric stresses by the hole method with speckle-interferometric recording of the field of normal displacements in its vicinity are presented:
1. Within the framework of the elastic-plastic model of a plane stressed state, calculations of the position of the boundary of the plastic zone are carried out for a ring loaded in its plane by the compressive pressure distributed along the external contour of the ring. Graphs of the normal component of the elastoplastic displacement vector, which is an information parameter in speckle-interferometric 
